ABSTRACT We evaluated the inßuence of six different citrus rootstocks on the incidence of the citrus leafminer, Phyllocnistis citrella Stainton (Lepidoptera: Gracillariidae), and the aphid species, Aphis gossypii Glover and A. spiraecola Patch (Hemiptera: Aphididae), on ÔClementine de NulesÕ trees (Citrus clementina Hort. ex Tan.). Sampling was conducted during 2005 and 2006 in a grove of 3-yr-old trees in southern Spain with six rootstocks arranged in a completely randomized block design. Incidence (i.e., degree of infestation) and availability of resources for herbivores were assessed bi-weekly, and in addition, a "ßushing index" was estimated as the number of young shoots (as a percentage of total shoots) susceptible to herbivore injury. Our results showed that contrasting factors affected the incidence of populations of P. citrella, A. gossypii, and A. spiraecola on ÔClementine de NulesÕ. Incidence of P. citrella was signiÞcantly dependent on the ßushing pattern observed throughout the study, whereas the reverse was true for the aphid species. Among these, A. spiraecola had similar levels of incidence regardless of rootstock, whereas A. gossypii were found almost exclusively on leaves of ÔClementine de NulesÕ grafted on ÔCleopatra mandarinÕ (Citrus reshni Hort. ex Tan). Potential implications of these results on pest control are discussed.
The citrus leafminer, Phyllocnistis citrella Stainton (Lepidoptera: Gracillariidae), and some aphid species (Hemiptera: Aphididae) in the genus Aphis constitute important citrus pests throughout the world (Komazaki 1993 and references therein, CABI 1995) . In Spain, P. citrella was introduced widely in the south (Garijo and Garcṍa 1994) and rapidly spread to the rest of the Iberian Peninsula (Vercher et al. 2005) , and of the nine Aphis species detected in Spanish citrus orchards, Aphis gossypii Glover and A. spiraecola Patch (ϭAphis citricola van der Goot) have recently become increasingly important (Meliá 1982 , Hermoso de Mendoza et al. 1997 either by their abundance and by their efÞciency in tristeza virus transmission (Hermoso de Mendoza 1994) .
Both the citrus leafminer and these aphids target young shoots of citrus, preferably those with leaves between 5 and 40 mm length (Garrido 1996) . Damage by these phytophagous insects occurs when leaves ßush, which usually coincides with spring, summer, and, to a lesser extent, autumn. The time of ßushing can also be inßuenced by climate, cultivar type, and crop management practices (Zaragoza et al. 1996) . P. citrella populations reach their maximum levels from June to September (Costa Comelles et al. 1995, Margaix and Garrido 2003) , whereas aphid populations have two maxima in spring and autumn, with minima in summer and winter (Meliá 1982 , Hermoso de Mendoza et al. 1997 .
Although these insects belong to different feeding guilds (Bernays and Chapman 1994) , both the leafminer and the aphids cause similar impacts, because they affect leaf development and photosynthesis, diminishing plant growth, and consequently, plant production. Moreover, these phytophagous insects act indirectly as infectious agents because they are responsible for spreading diseases such as ÔCitrus CankerÕ by P. citrella (Graham et al. 1996 , Chagas et al. 2001 , and tristeza virus (CTV) by aphids (Hermoso de Mendoza 1994) .
To alleviate the negative effects of these phytophages, several programs on integrated management of citrus orchards have emphasized the necessity of sustainable preventive approaches for pest and disease control (Garijo and Garcṍa 1994 , Fayos 1996 , Margaix and Garrido 2003 . Among these, selection of cultivars or generation of new varieties resistant to pests and diseases has been considered a major goal for pest control (Forner and Alcaide 1993 , 1994 , Jacas et al. 1997 , Duke and Lindgren 2006 . It has been reported that some rootstock varieties may confer resistance against the attack of several different pests (Bowman et al. 2001 , Dadmal et al. 2002 , Verdejo-Lucas et al. 2003 .
In this context, this work aimed to identify if different citrus rootstocks differ in the resistance or susceptibility of grafted citrus trees to the citrus leafminer and to the two aphids species mentioned above under Þeld conditions. More speciÞcally, we wished to assess (1) whether ßushing pattern induced by rootstock affects phytophage incidence and (2) whether phytophagous insect preferences are determined by rootstock-induced intrinsic factors apart from ßushing.
Materials and Methods
Field Site and Experimental Design. A 2-yr study was conducted in a 1-ha experimental orchard located at IPAFA Centro de Churriana, Málaga, southern Spain (36Њ40Ј30Љ N, 04Њ30Ј06Љ W) at 32 m above sea level. This area has a typical Mediterranean-type climate with most rainfall occurring in autumn and winter (Table 1) . The soil is a clay-loam with 43% clay, 40% silt, and 16% sand. Crop management followed conventional practices as recommended by the speciÞc regulations for Citrus Integrated Production in Andalusia (BOJA 113 2000) . For aphids and citrus leafminer control, two to three phytosanitary treatments per year were applied when the main peaks of phytophagous insect populations occurred (around mid-May and late September for aphids and throughout summer, i.e., June through September, for the citrus leafminer). Water was supplied by drip irrigation (3.6 liters/h; eight drippers per tree) according to seasonal requirements based on calculations of the potential evapotranspiration (ET 0 ) and citrus crop coefÞcient (K c ) (Doorenbos and Pruitt 1977 by randomly sampling four young shoots from the outer crown, one from each aspect (i.e., north, south, east, west), from one tree per rootstock in each block (4 shoots per tree ϫ 6 replicate blocks ϭ 24 shoots per rootstock). A young shoot was deÞned as any shoot with a variable number of immature and expanded tender leaves ranging from 0.5 to 10 cm length (Martṍnez-Ferri et al. 2005, Hall and Albrigo 2007) .
Incidence of phytophagous insects was calculated as the percentage of infestation per tree according to Towsend and Heuberger (1943) :
where a is the factor assigned to a level of infestation; b is the number of shoots per tree with the same level of infestation; n is the total number of sampled shoots per tree; and K is the maximum value of a. In this study, we used three levels of infestation: 0P, shoots with absence of citrus leafminer larvae or aphids (a ϭ 0); IP, shoots with Յ50% of the leaves with citrus leafminer larvae or Յ5 aphids (a ϭ 0.5); IIP, shoots with Ͼ50% of the leaves with citrus leafminer larvae or Ͼ5 aphids (a ϭ 1).
From August to December 2005 and from March to December 2006 (8 and 20 sampling dates for 2005 and 2006, respectively), a ßushing index was monitored concomitantly to incidence except from April to July of 2005, when no ßushing data were available. The ßushing index was calculated as the percentage of shoots susceptible to infestation by these phytopha- gous insects on each sampled tree. For this purpose, 10 shoots around the outer crown were randomly taken and those out of the 10 classiÞed as young shoots were counted as being susceptible.
To evaluate interannual variation in the ßushing pattern, climatic variables were recorded by the agroclimatic station of Churriana integrated in the Andalusia Network of Agroclimatic Stations (Junta de Andalucṍa) located at the experimental site.
Statistical Analyses. Data were analyzed using the analytical software STATISTICA 6.0 (StafSoft 2001). The relationship between the "incidence" of the different phytophagous insects and "ßushing index" was determined by a simple linear regression model. To evaluate statistical differences among rootstocks in the studied variables, data for each sampling year were subjected to repeated-measures analysis of variance (ANOVA). In this model, "rootstock" was considered as the between-subjects factor and "date" as the withinsubjects factor. For the incidence analyses, the variable ßushing index was introduced in the model as a covariate to differentiate rootstock effects from those derived from the ßushing pattern. When signiÞcant differences (P Ͻ 0.05) were found among rootstocks, a least signiÞcant difference (LSD) test was used to compare mean values. Normality and homogeneity assumptions were tested before ANOVA by using the Kolmogorov-Smirnov and CochranЈs C tests, respectively. In cases where these assumptions were violated, a nonparametric Kruskal-Wallis test was applied to each sampling date. Flushing index signiÞcantly differed between years: in 2005, there was a marked ßush during August (Fig.  1a) , whereas in the same period for 2006 (Fig. 1b) , the percentage of sprouts susceptible to infestation was very low for all studied rootstocks ( 2 1 ϭ 73.29, P Ͻ 0.05).
Results

Analysis
During 2006, three main ßushing periods were observed (Fig. 1b) : the Þrst in spring from March to May; a second period from early June to the end of July, with maxima in the middle of the period; and a third period throughout September until November, in which ßushing timing and duration was more variable among rootstocks (Fig. 1b) . The highest values of ßushing index were observed during the spring period for all rootstocks, and shoots grown on ÔCleopatraÕ had signiÞcantly higher values than any other rootstock (F ϭ 5.17; df ϭ 5,30; P ϭ 0.001).
In both 2005 and 2006, a marked incidence of P. citrella was detected in all rootstocks at the end of spring (end of May, beginning of June) reaching values Ͼ60 and 70% in 2005 and 2006, respectively. It disappeared completely by mid-autumn (end of October, beginning of November; Fig. 2a,b) . Between years, signiÞcant differences were found during the summer months in citrus leafminer incidence ( 2 1 ϭ 41.33, P Ͻ 0.05). Whereas in 2005, incidence level was high throughout the year, a marked drop was observed during August in 2006 (Fig. 2b) . Incidence returned to high levels in autumn in conjunction with shoot ßush-ing (Fig. 1b) . No signiÞcant differences in leafminer incidence were found among rootstocks in either year (from June to September 2005: F ϭ 1.98; df ϭ 5,24; P ϭ 0.117; from May to July 2006: F ϭ 0.47; df ϭ 5,30; P ϭ 0.791; from September to October 2006: F ϭ 1.40; df ϭ 5,12; P ϭ 0.292).
During 2005, A. gossypii and A. spiraecola showed two population peaks: one in spring (from April to June), when both species usually showed the highest incidence in most of the rootstocks; and a second one in autumn (from September to mid-November), with the lowest population loads (Fig. 2c,e) . This pattern was also observed in 2006 for A. spiraecola, but for A. gossypii, incidence was barely detectable during autumn 2006 (Fig. 2d,f) .
Among rootstocks, incidence of A. gossypii was signiÞcantly higher on ÔCleopatraÕ both years (spring 2005: (Fig. 2c,d ). In contrast, no signiÞcant differences in A. spiraecola incidence were found among rootstocks (spring 2005: F ϭ 2.25; df ϭ 5,24; P ϭ 0.081; autumn 2005: F ϭ 1.95; df ϭ 5,30; P ϭ 0.115; spring 2006: F ϭ 2.50; df ϭ 5,30; P ϭ 0.052; autumn 2006: F ϭ 1.83; df ϭ 5,12; P ϭ 0.181; Fig. 2e,f) . Incidence of citrus leafminer populations was positively and signiÞcantly correlated with the ßushing pattern in 2006 (r 2 ϭ 0.8229; F ϭ 32.53; df ϭ 1,7; P Ͻ 0.001), i.e., the higher the ßushing index the higher the citrus leafminer incidence, independently of the rootstock (Fig. 3a) . However, there was no signiÞcant correlation for either of the aphid species (A. spiraecola: r 2 ϭ 0.1061; F ϭ 0.71; df ϭ 1,6; P Ͼ 0.05; A. gossypii: r 2 ϭ 0.8123; F ϭ 8.66; df ϭ 1,2; P Ͼ 0.05) despite the high correlation found between the levels of incidence of A. gossypii and the percentage of shoots susceptible to infestation (Fig. 3b,c) . This result for A. gossypii is caused by the signiÞcant correlation found in ÔCleopatraÕ rootstock (r 2 ϭ 0.9959; F ϭ 492.63; df ϭ 1,2; P Ͻ 0.01) but not in the other Þve rootstocks (r 2 ϭ 0.5856; F ϭ 2.83; df ϭ 1,2; P Ͼ 0.05). This indicates that, in ÔCleopatraÕ, A. gossypii incidence depends on the ßushing index, but A. gossypii also preferentially attacks ÔCleopatraÕ, i.e., for similar values of ßushing index on different rootstocks, scions grafted onto ÔCleopatraÕ rootstock always had higher levels of incidence (Fig. 4) .
Discussion
Our results showed that the incidence of the citrus leafminer P. citrella and of the aphid species, A. gossypii and A. spiraecola, on ÔClementine de NulesÕ trees grafted on six different rootstocks is determined by contrasting factors. First, citrus leafminer incidence was proportional to the amount of shoots susceptible to infestation, i.e., it depended signiÞcantly on the observed ßushing pattern. As in previous work (Jacas et al. 1997) , susceptibility to citrus leafminer infestation among rootstocks was similar despite differences in spring ßushing on ÔCleopatraÕ compared with the other rootstocks. However, it must be taken into account that, during this period, population levels of the citrus leafminer were probably reduced after the winter months (Lim and Hoy 2006) even though temperatures were high enough for development (Ujiye 1990) .
Given the close relationship between citrus leafminer incidence and sprouting, it would be expected that any factor affecting ßushing pattern during summer months will indirectly reduce citrus leafminer incidence. In this sense, it is interesting to emphasize the interannual differences observed in the ßushing index, and subsequently in citrus leafminer incidence, during the summer months. On the one hand, in con- (Table 1) . However, one of the factors inßuencing ßushing pattern, irrigation frequency, which in turns determines plant water status, has been suggested as a tool for controlling sprouting (Fayos 1996, Margaix and Garrido 2003) . Although trees were well irrigated during both years, predawn water potential was different in August 2005 and 2006 (Ϫ0.3 and Ϫ0.7 MPa, respectively; data not shown), which may explain the decreased vegetative growth and thus citrus leafminer incidence.
Incidence (%)
Incidence of the two aphid species, A. gossypii and A. spiraecola, relative to the ßushing index and rootstock, differed. Whereas incidence of A. spiraecola was not directly inßuenced by the percentage of shoots susceptible to infestation and was similar in all studied rootstocks, the ßushing index inßuenced A. gossypii incidence on scions grafted on ÔCleopatraÕ rootstock. However, this did not explain the observed differences among rootstocks, indicating that other factors were determining the higher levels of infestation of A. gossypii on ÔCleopatraÕ rootstock.
The different incidence of A. gossypii observed on ÔCleopatraÕ would not have been the result of the motherЈs selection for oviposition (Courtney and Kibota 1990) , because this species has been described as anholocyclic in Spain (Blackman and Eastop 1984, Hermoso de Mendoza 1994) , and either apterous or alate adults may propagate parthenogenetically. Thus, nymphs from the apterous females must survive and grow on the tree that the adults were conÞned to. However, winged aphids can migrate among trees independently of the rootstock of the tree where they developed. However, the high incidence of A. gossypii observed on ÔCleopatraÕ provides evidence that this rootstock may be more suitable for development as well as potentially more susceptible to infestation by A. gossypii than trees grafted on any of the other rootstocks studied.
The higher suitability and susceptibility can be caused either by induced structural modiÞcations, e.g., anatomical changes that can affect plantÐin-sectÐnatural enemy interactions (Hare 1992 , Gassmann and Hare 2005 , Mü ller and Riederer 2005 , Mathews et al. 2007 or to induced metabolic changes (Smith and Boyko 2007) . Among these, ÔCleopatraÕ could cause a higher susceptibility and/or a lower resistance of scions to A. gossypii, resulting from the presence of chemical compounds acting as speciÞc attractants (Berenbaum 1995) or from the lack of repellent compounds (Isman 2000 , Rocchini et al. 2000 , Ode 2006 ) compared with the other rootstocks, respectively. To elucidate this, further research on morpho-anatomical and physiological features induced by ÔCleopatraÕ on ÔClementine de NulesÕ are necessary.
In conclusion, our results suggest that citrus rootstocks, in addition to providing the cultivar with resistance to diseases (Broadbent and Gollnow 1993 , Dadmal et al. 2002 , Verdejo-Lucas et al. 2003 , salinity (Levy and Shalhevet 1990, Garcṍa-Sánchez et al. 2006) , and ßooding (Ortiz and Garcṍa-Lidó n 1982 , Bender 1987 , Ruiz-Sánchez et al. 1996 , also induce physico-chemical changes on the scion that determine a differential resistance to phytophagous insect infestation. These results may have further implications for A. gossypii pest control and indirectly for control of citrus tristeza virus propagation.
